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I. IJITHODUCTIOK 

1, The Hitriding Process. 

Hitrif icf tion of steel vps first given serious 
attention ebout 1911, at Wotertovn Arsenal, where the 
hr rd white leyei’ formed on the bore of guns after re- 
peated firing, wss observed and studied* (Reference Ho*l) 
Prior to thi?, ttate iron-nitrogen dirgrara end the effect 
of nitrogen as an iiapurity in iron end steel bed been 
investigated. (P.eference If, pege 04.) 

The surfs ce-hr.rdenlng properties of nitrogen 
with iron and its alloys having been established, in- 
vestigations were Cf rried out to develop & process which 
would be of comnercinl use. (Reference £) • Amsonia gas 
and lic;uld or gaseous cyanide have sc fEr proved the only 
prsctical sources of nitrogen for the prodess. In 1913, 
Adolph Eachlet, of the American Gas Fuimce Compeny, re- 
ceived r- pr- tent on the nitriding of ferrous materials 
by hef-ting the ferrous alloys in the presence of emsonia 
gas. (Reference 10.) 

Gubstantic lly the srae ss the present dry 
process, Mrchlct*s patent provided- for the passing of 

g?5 over the matwri/:! to be nitrldrd at r teaperf - 
tore of above &00^F,, >t which teiaporr ture ir-nonir dis- 
soci'-tion tfhes place, the nascent nitrogen diffufilnc: 
into th». surf: ce of the metfl. Ore? t surf: ce In rdness 



w^8 produced b;, Uiichlet^s proccsa, but the ctsc obt- in«d 
yx»s extreraely brittle, thin, end spelled b dly, not only 
In service, but durinjr the process of nitrldin. • It ves 
evident thj^t nttrlding vould not prove to be of comnerclil 
velue until a setlsff-ctory Jantcriel w; s developed, end in- 
vestigtstion on with this fin in view. 

In 19r;5, coEinercial spplicttion first be- 
came feasible with the? devalopta«3nt by Dr. Adolph Fry of the 
Krupp Works of a special steel of high chrome-aliiEiinuia 
content, to become known in this couiitry ss l^itralloy, 
(Reference 10 and others). In toughness, depth of c# se 
produced, end resistance to spalling it wls far superior 
to any pr*.rloucly developed nitriding ctatcrlrl, r-nd w s 
fully their equal in gurfcce hardness. Since this im- 
portant discovery, no completely e» tisfjsrctory substitute 
for Ritrel3.oy has been found, although certain chromt- 
varu^.diusj steels have been cdv&nced, and have been nitrlc’cd 
with fair success. (Reference &)• 

The nltridcd product has the herdest knovrn 
steel surface, varying froa 800 to 1J?00 Brinell and 
above. In addition to the nsturrl w-ea r-re si sti nt cufllty 
Imparted by its extrerae hardness, it h? s e characteristic 

ability to resist chafing or seirlng? nltrlded bearing 

in 

surfaces have beon/rubblng contact without lubriO'tion 
snd under high pressure for long periods without wc^r or 
other 111 effect. It h»s excellent corrosion-resistent 
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QU^litios except against chlorine, sinersl acids, and t 
few other agents, experiments indicating that at eleycted 
temperatures it is ftt^-cked hy tetra-cthyl lead. In 
almost every other way, it is the equal of stainless steel. 

It has been stated that its hardness Is unaffected by heat 
up to c temperature of 950®F, end retains 60,^ of its full 
hardness sfter exposure at 1500°F, This gives nitrided 
steel some use ss a heat-resistant alloy, and especially 
recomraends it over carburi 2 ^cd steel, v^hich Is a poor heat 
resistant. A further important advantage of nitriding 
over cerburizing Is the comprrative simplicity of heat 
tre tment, which with the J-orer temperature involved results 
in almost no distortion. This permits the hardening with 
safety of shapes too complicated for the crrbtirizint: process, 
and also permits the shop to finish machine many articles 
before nitriding, 

2, Object of Investigation 
The primary object of this investigation was to 
determine if introduction of various reagents during ths • 
nitriding process would result in a measurable improvement 
in the case obt05.ned, either by reteovel of the dissociated 
hydrogen, or by catalytically incrfsaslng the dissociation 
of am^soriia, or by & combine tion of the two. Positive 
results, if obtained, would be in eccordmee with other 
recent investigations, which indicated th.at the only ob- 
jection to high dissociation was the presence of free 
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hydrogen in sufficient qiaantity to cnuse its Bhsorptlon by 
the specisQons , resulting’ in sun unsatisfactory ctse. 

Various nitrogen-bearing compounds such es 
aniline, pyridine, and nitric oxide, have, when Introduced 
with the emiaonia, resulted in improved cases, (deference 13). 
The supposed effect of these is to increase the avsiltble 
nitrogen. A sitsllsr desirsbl© effect should be obipirsable 
if the unvfelcome hydrogen component of the dissocir/ted 
ges were reduced* Several hydrogen reRiovers h^. ve been' tried 
among which were copper gauze or pitting (Reference 13) 
and pelladiuffi scrap (Reference 8). Improvement in c£se 
WDS noticed when copper gauze or plating was used, but 
the other gave inconclusive results, ^’ith'the object in 
niind of continuing this reserrch, five compounds, four of 
which were potential hydrogen removers, w^ere selected for 
study. Iher© were two principal reasons for their choice; 
first, that a beneficial reaction was theoretically pos- 
sible, second, the materiel was cheap end commercielly 
evaileble. These compounds were; Sodium cyanide, Mua- 
Inum chloride. Chlorinated liaie (Ce 0 Cl) and Sodium 
find Potassium carbonates. In Aiither discussion, these 
compouTids will frequently be referred to as ’’catalysts”. 

It is recognized that none of them ai'e true ct-trlysts, but 
the term is used for want of a better one. However, their 
effect smy be considered catalytic in e broad seisse, be- 
cause each was used in hope of producing a definite improve- 
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nent by means of « second? ry resction. 

Remits obcined ivith esch are discussed end 
shorn in tables, photomicrographs, and hsrdness-depth 
curves* 






!• Kitriding Furnace, 

fiu*;.nce constructed for utc In the tn- 
vestigetion is iihovn photo<jrcphed in Figure 1, l*'e ^ayionin 
tank t?as connectod through v needle vvlvo rnd rubber tubing 
to a acnifolc, froa 'rhich seprrote le*‘<5s arc taken to e*ch 
furnace tube# The Furnr-cc consisted of four I^-rge pU te 
herting units, su’dc by Hultiple-bnit Furnsco Cccipany, 
arranged in the rcr« of nn open-ended box, heavily in- 
sulsted with ^h;onprreil” brick end powdered die tojnaceoua 
earth, all joints and crevices being sealed with alunduw 
ceraent# The five nltriding containers wore hervy nickel 
tubes, one inch internal dl'iiscter, with obout six; Inches 
at e&ch end exposed, and projecting outside of the fur- 
nree through fitted holes in the furn-' ce bricK^or * . There 
was sufficient teaperiiture drop elonr the exposed portions 
of the nickel tubing to permit the use of rubber tix e 
stoppers without rc'^uirlng ertlficial cooling to protect the 
rubber# Tesperrture control wgs provided by « h'*nd rheo- 
stat in series with the heating colic, imaonia gas entered 
the tubes froa the raanifold, passing first over the cata- 
lyst, then over the specimens to be nitrlded, then finally 
discharging through tubing Into e large w*ter jar, five 
inches of water being csalntrlncd as btek nressurc on all 



tubes# 
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J5* TcBpereture Sief.surement , 

Five therxjccouplis holes ?ere bored in the front 
bricVrs-ork:, .^nd n series of runs Vfos asde for toapereture 
calibration. These runs indicated th&t tube teoiper/^ti^es 
over the six inch central range used for nitriding had b 
jsfcximun Tsriotion of 15® C* for cll five tubes over the 
normal nitriding temperature range (300® - li£00®F,), and 
that, therefore, a single te^jperature recording, obtained 
by a single thersodouple and potentiometer, vas sufficiently 
accurate. This thermocouple y?ao habitually placed in the 
cetitrsl thormocoupie aperture unless there was an unused 
tube, in which case, it was placed in the center tube, with 
its junction at the midpoint of the ni tricing space* 

S* Flow Measurement . 

A glass orifice meter was mounted near the 
furnace with tubing so arranged that it might be quickly 
connected between any one tube intake end its a&nlfold 
v£lvc. This neater was carefully calibrated prior to the 
fctu£.l investiction by holding the pressure drop as indi- 
cated in a kerosene coluran a constant, atsmonla being dis- 
charged through the orifice into a saectsured quantity of 
standerd sulphuric acid solution to which a few drops of 
methyl orange had been added, /araoni?^. wrs allowed to flow 



- 8 - 



at this fixed rate until neutralization occurrc'd, and the 
weight of nmiaonia thus determined was converted into liters 
per hour at atmospheric conditions end room tensperrture. 

Six different rates of flow were obtained and a curve of 
liters per hour against centimeters of kerosene plotted. 

It was foxaid desirable to leave the flowmeter permanently 
connected to one tube, regulate its manifold vplve to the 
desired rate of flow, then adjust the other tube manifold 
velvcs to give the setae rate of bubble flow at the dis- 
charge bottle. 

4. Dissociation Me.' surement , 

This apparatus consisted of s stt.Ti(Xc.T6 dis- 
sociation pipette sjaniifacturcd by the I/udli«tj Steel Company, 
This instrument is based on the extreme solubility of ss- 
monia in water. A measured volume of the gaseous products 
are taken from a discharge line of one tube f-rid intro- 
duced into a graduated chamber, f.ater is then nllored to 
flow into the chamber, entering until it has absorbed all 
the dndissociated ammonia. The dissoelntion in percent is 
then read directly from the waterlevel on the chamber 
graduations. 

Dissociation was habitually measured on the 
tube in which no catalyst was used. 






5* H&rdness3 Meesurement 
The 4 kilogrcifi Herbert Pendulu3i Hirdneas Tester 
7:1th Uriiversel Bell Vice used in this investig? tion is 
sho^n photographed in figure I'* This instrument measures 
hj^rdness of thin esses Fith relatively high pcciiracy. 

Tirae tests of hardness j^r-re taken on specinens 
of all runs at every eight hundredth of an Inch of depth* 

G • Weight Mea e urenen t • 

Specimens of three runs T?ere ??elg!\ec on a 
stsinderd Becker anelyticsl balance to the nearest milll- 
grssi before end after nitriding, Another series of ?s^eight 
iseraurements 7>rs taken, specimens being heated to 450° F, 
for thirty minutes, and ^?eighed before and after her.ting, 
to determine the relative hydrogen absorption during 
nltriuing. 

7. Determination of Quality of Case* 

A Rocki^ell ”no load" test ras applied to a 
specimen of e?ch run* The "no load" test wrxs carried out 
in accordance vith the methods used by Mr, Robert Sergeson 
of the Central >Mloy Steel Corporation, in the course of 
his extensive research in the nitriding field, end dis- 
cussed by him in Reference 6, 

hoefew^ll Impressions were obtained by using 
the Rockwell machine with diamond cone, the usuf.l 150 kg, 
weight being removed. Results of the examin: tion of the 
impressions obtained ere tabulated Qualitatively, 
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B, ¥x.teric.l U»e<2. 

The BiterUl usofi *< s 1" ?- l/P" .bf r etock. 
liltriilloy "C", received In the hett tre tea sorV-ltlc 
condition froa the Luaius Steel Cor.pt: n; . Ihe jpeclfled 

enalyils is followss 

Cs-r^5on *S6 

llangs’nese *51 

Silicon 
iilusinm 

Chr oml ica 1*49 

Sulphur *01 

Phosphorous ♦OIS 
Kolybdonuffi *18 

Ihe bars were first ground on t svu-fr.ce 
grinder on both fl.-t sides. The bars 'eere then given «i 
eccurrtc tsper of 1/}G" on their inch of viath, out up 
into l/£" lengths on a ailllnK Eschlne rnd finish eround 
on the surfoce grinder. The finished sp.ciaer-s cs 
retay for the furnece were then redee-shc ped blocks 1® 

In length end l/f" *n wlSth with height topering froa 
X/ti" to 7/16" »t the SBSller end, ths tsper hOitig 1/16" _ 

*00r^” per inch of length* 

After the nitriding operation, the toptr^d 

surface was ground down on tha surface <^rinoei tili t^ie 
tsper wns reoioved, except for it sxsr U coupon ?t the s-u'-ll 
end, the final dimensions of the r..ltrioed &p»ci’.iens r,el..g 
7/16 X 1/i X 1”. i^:ersuring frOK tbo inner edge of tht 
coupon, which sir.rKed the begin.ning of th.- rrouj'*C Ce sc, 
every 1/50 inch of length &lcn{! the ground up sr surf ice 
represented a erse depth of l/8i>\> inv.h* 
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Hardness of the as received frofa 

the Ludlu^s Steel Compr-iny ranged froia 555 to 500 Drlnoll, 
?s determined by Herbert ?nd Eock^ell tests. Other 
physical properties i*rere not Invostlgated, 



I 



- 1 *. - 



III. PROCEDURE. 

1. Choice of Kitridin-g Conditions 
(f) Rfite of Flow. 

During the preliraimry sti .es of the investi- 
getions, it vp.s discovered thet the prrcticel liv.its of 
saiaonir flow were froa 4 to 16 liters per furnr-ce tube 
per hour. Higher Thtea, wtien fcttenipted, blc-w out stoppers 
or rubber tubing, ruining p run; lower r?t«s wore diffi- 
cult to keep oqu^^lized betTfoen the various tubes. V ithin 
the ebore lieilts, the flow «g indicated by metor re-c ding 
on the control tube ,*?ncl bubble f3.ow in the others wrs nrln- 
tsined foirly constant, the taount of fluctudion during 
a run being shown in the tabulstions on the (iept>wh'>rdness 
diagraras. 

(b) Dissociation. 

It was originally intended to take, dissocia- 
tion readings on all tubes, but this could not be done with 
a single dissociation gsuge. It was, therefore, kept per- 
acnently connected to the control tube, was the flor- 
metor. 

Dicsocietion was found to be quite high, the 
lowest percentages obtained being at 950^ rr.d 45^ et 
1250° • This wes prob.'sbly due to the relatively lerge arc® 
of heated nickel surface. At low rrtes of flow, dis- 
sociations ys high as 96^ were observed. 



1 

— ic.-* 

(c) line of Run 

All runr. ven-e 24 hour 3 in (Surftion. Guch 
i-. tir.e >i-a s-bout tne minlKuss rhtch rculc innvrn i c» se of 
/aer. s ur ; b 1 o ch vi- c t or 3 s 1 5 o s . 

(d ) 'i c'j; e X'*' t u rc' . 

Buns woro mCe i- t iosiporr tures of S50^ pnCi 
with ODu e^tci'pclon, xhot-e orstures were 
ch 05 i%n *15 represenbati^o of low &n^* high texirer* ture 
nitrl-Csinf conf*itlons^ respectively* 

hun MUT.ber four, the duplex cycle, w?£ started 
rrt the lowrsr teajpo’"* furs, r»nd the hc? t rnlsod twice during 
the run, es inr.icj.tec in te-nperr ture-tlrse di.-” grM:; of 
firure six* 

(e) CA.ti.iyftts* 

Crtslystr rcrc? ?a£o<3 In the powdered, forri* 

Exeunt in the ci&q of soaiu® cyanide, enprexiisately fO 
c*c. of the cj't^iLyst wns fed into eren lube »t the entrance 
or srnifold uid, ,1u2t cle:.,r or the rubber stoppers, end 
leveled off lo p^irsiit frof* p? ssr.fc of , Tompere- 

turcs ovoi* the c"t*’iyst section probably did not exceed 

eoo^'F. 

About b c*c* of sodlus! cyanide were epro^'d 
.in L> poj’ceiein bert *a<.- in the t'ube* hvon this 

small prO' ..C'.'O dtnrorous pressures, blow.lri‘: out 

ti'c Subbor 5 cv{v»'* 1 tl’ijos. Bsca-use of thf^ danger 



of cy'nlde gf s. 



onlv one ruxi was siyre with sodium cyanide* 



R. Sethcd of ContJucti?ig Huns, 
ihe procedure used wc« cs follors: 

furnace wss brou«;ht to tht desired tesi'crs- 
turc by siee-ns of the hend rheostat, /mconir wris then 
turned on at the stop vrlve, f.nd by the ar. ntfold v* lv«s 

to rll tubes in use, r^tc of flow bein^j roxi'si tely id- 
justed by flowaeter and bubble ri tc. Gtop^ ers v»«*re then 
reniovod frosj the entronce ends of ei ch tube In tjrn, 
the desired ct'tslyst sdded, end th© stoppers repirced. 

After V few alnutes to insure that .#11 i?ir in the tubes 
had been replaced by nmiconia, the exit stoppers were re- 
moved, the speciraens inserted end pushed to the center of 
tho tube w'ith s mer.sured rod. Ine tubes were then ti^^htly 
closed, and flow rate a.ccurt‘tely adjusted. 

Until steady conditions obtained, fre uent ro' d- 
ing£ were t?''^en of te^sperj:; ture, rr te of flow, .'n;.' dissocir- 
tion, and adjustments a?de In flor. r? te cs nccess.'^ry. /fter 
conditions boerrne const.-^nt, rc£. ’ ings rerc recorded at regular 
intervals, generally every four houre, till the end of the 
run. /if ter tbs run, tubes were roKioved frosr. the furnccc to 
cool but were Ifcept closed, ssd amKionia allowed to flow '"t 
& reduced rite, to prevent oxid.’^tion of the spec j'® in? . 
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IV. ItF-SOLTS /:SD CONCLUSIONS. 

1. Effect of Use of Cctf.lysts upon nrrdness 
Depth of Cnse, 

Five runs were rasde tith this study in view, 
£;nd the results plotted showing Herbert pendulura resdings 
^Crinst depth for sll specimens in Figures Three to Six. 
Instercl of smooth curves, point to point lines were drawn, 
showing the excct reedtnps obtained. The reason for this 
construction wes that the frenuent striking similarity 
between slopes of corresponding portions of different 
"curves" as shown in these figures laight prove of possible 
significance. 



Results can perh&ps be disc’ossed more clearly 
if each cats»lyst is considered separately. 

Sodium cyanide in its single appear? nee geve 
t distinct and uniform, increase in hardness. It also 
showed the most marked increase in case depth of ony of 
the cetnilyats. This ospecislly fratifying in that 
the run with this crtalyst interrupted by several smsll 
explosions, during which b large part of the active ret gent 
escaped fis cyenlde gas. It is regretted thrt further in- 
vestigation of this and other cyanides w&s inadvisc.ble on 
the type of apparatus used. 

Sodiue carbonate gave a good increase In hard- 
ness, its effect being greatest et the lower temperature 
rang© ind least ct the higher. The effect on depth of case 
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fr«s negligible for «1I three runs* 

Calciusi ccrbonjtte grve results the reverse of 
the sodiua s»lt, giving er.cellent hjrdncss increcse at high 
temperature Kith decreasing effect Kith reduced ternpert.ture* 
Effect on depth of c?*se was slight* 

Altcninua chloride at lower teisper^^ turee 
materifilly increased not only the msxlmun hrrdness, but 
the depth range over ^hich high hardness vu s observed* 

There kss a shirked felling off of this effect r. t the higher 
teapereture. 

Chlorinated liae shosicd the sost consistent 
results of any of the catalysts, giving mr?:^ed hardness 
increase over the entire depth of ctse on ell runs, Actusl 
depth of Cf=s® wes increased tt the lo^ temper^tui'e run, 
but not on the others in any jssrked degree. 

A mixture of the last two copipounds was used 
for cosporison in the fifth run* The ease obtained was 
nearly the equal of c non-catslyst case obttlned with c 
greatly lncrc£S«d aisntonic flow* This is shorn by the 
depth-hardness curves of Figuj'e Seven. 

Figure fline shows the results of run niinbcr 
four plotted on a seKii-logarithaic scale after the method 
advanced by George M. Eaton (Reference 11). This method 
demonstrates more exactly the relrtive wear resistance 
that might be expected from the various specimens. 
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Hardn«»s Re^dlngs as sctmlly obtained are 
shO¥.n tnbxilated in Table !• 



TIBLB I. - 3HINHLL H^RDKI!fS VS* DEPTH 
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J?* Effect of Incr«f'»s« in R«te of Flow Upon R&rdnes« 

&.nct Depth of Cf>se, 

These results f re teken fros runs 1, S, enC 5 
?nd ere shown in Fi|;ure Clf;ht» They indicr^te thet ineweesed 
r*tes of flow &t both high «no low temoer/? tures result in 
increased jBSxisufa hsrdness rnd totjil range? ovnr which the 
harder c«.se exists* Ibis is in vrri«nce with the results 
obtained by Robert C<s,rgeson^ who stated in bis ^Investiga- 
tions in Nitriding** (Reference 6), that increase in flow 
resulted ia deeper and harder cases at the higher teapern- 
tures, but had little or no effect st 950®* 

5* Effect of Use of C^'^tfslysts upon Increase In Ab- 
sorption by Weight* 

To determine whether the presence of c; c&t&lyst 
caused an increase In the weight of absorbed nitrogen, 
three runs were laade, one at low teispersture, one st high, 
end one duplex cycle* The rc-sults are tabulated below, 
end generslly indicate thrt the use of s cstslyst is sc- 
cosipanied by an increase in weight of absorbed gas, ex- 
cept in the esse of eluminuia chloride, which for soae 
reason brings incret-sed hardness without increased total 
ebsorntiOD. It must be reaefabe red, however, that only 
two surfaces of each specitcen were prepared for nltrlding 
and vj-ric tions in surfj-ce conditions of the four unpollshwd 
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surfeces on e# ch speclrficn might couse l^rge differences in 
the effective ere® exposed tc nitriding. Larger spcciaens 
more cfrefally prepored should give more consistent results. 



T/iBLE II, 
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4, Effect of Use of Ctti-lysts upon Cuility of Cese, 

f-11 speciiricns >?cra given the no- 10 £d test in the 
Bocki^ell archine vith diosiond cone the ifspresslons 
exeained by microscope. Amount of spelling observed on each 
is tab^Jiloted belov. 
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Ill, 



Spelling Observed 


Run Ko, rnd Temp, 


1-950® 


£-950® 2-1250® 


4-Du- 

plex 


5-irso® 


CKtfclyst 










ho no 


Hone 


Rone Much 


Kone 


Moderate 
at 5 
liters 


HeCH 


None 






Kone ft 
14 

liters 


8s^. C0„ 
h 6 


Kone 


Rone 


Rone 




Ca CO^ 


None 


Very 

Slight 


Slight 




Cs 0 Cl 
AX CI3 




Kone Slight 

Kone Rone 


Modern 

Much 


te 

Rone 



Ihcse results, 'rhile inconclusive, indicate 
that the increased hardness imparted by the cetalytic agent 
was not accoapfviled by c definite increase in case brittle- 
ness. 

It is of interest to note that spalling 
tendency seems to rccomp^ny the higher nitriaing tempera- 
tures. 
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5. JL.ffcct of Use of Cc on Kic restructure, 

/ftor coBiplotion of Herbert penC’ulua teats, 
speciaens were given a fimil polish one! etched. The effect 
of the original taper was to produce t grertly ex® gf err ted 
depth of ctse, Speclsens that had been nitrided ft high 
temperature hod apparent cases extending hj if their lanrth, 
and five distinct layers T?ere easily visible, the first 
white, the others receiving different colors in the otch- 
ing process. 

No distinct change in structure attributable 
to the use of catalysts could foe ob.servcd under the micro- 
scope. There seeiaed to be t slight increase in the cor.rse- 
ness and in the white areas in the speeiKen th^ t h^d been 
nitrided in the presence of c catalyst, but even st very 
high power the difference w'cs not sut'ficient to preclude 
the possibility of error due to slight difference in 
amourn. of etch, or in locating corresponding regions on 
difffcrent specimens. 

The h?rd spot of each specimen as determined 
by the Herbort pendulum was located, end upon microscopic 
examine? tion, was found to be at or very near the trans- 
ition point between the white outer layer snd the adjj cent 
derk layer. It wr^s assumed, therefore, th^ t naxiraum hrre- 
ness occurred st this transition point, rnd phototsicro- 
graphs were teken of this region on the control spccimenfe 
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of runs two, ttee, four, &nd on the specimen* which 
shovfed trif.xiinura hr rone ss of the sesc runs. These photo- 
micrographs ere eppenced (Figures 10-15). 

4% Kitric acid wos iised f S the etching rergent 
as giving more satisfactory results then any other of 
severe! reagents tried. The visual etched case wss 
identical with that indic/»ted by the Herbert pendulum. 

6. Conclusions. 

The results of this investigation lndicj?te that 
the hardness of the nitrided case is considerably in- 
creased if a smgill quantity of any one of several coa- 
pounds, or catalysts, is introduced into the furnace so 
6S to come in contc'ct with the ammonia g&s et or near the 
region v;herfe dissocls^tion begins. These compounds are 
sodium and crlciun errbonritos, sodium cyanide, aluminum 
chloride, and chlorinated liae. Chlorin/ited lime gave 
the most consistent iaiprovensnt, clthough beneficial 
results wre observed with g11. 

This hardness increase is accompanied by n 
slight increrse in case depth, and Kith the possible ex- 
ception of aluminm chloride, increase in the total weight 
of absorbed g&ses. There s no marked change in micro- 
structure and, as far ss the HocIckoII test would show, no 
positive loss in cufllty of esse. 
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Rssults also in- Icste th» t increase in & 2 -?or.l; 
flow produces incressecl h?'rdness and c^fse deptfi, ov€.'r 
the entire tempers turc renti:c. 

The effects of the various ertelysts i re 
beyond the writer’s ability to an2;ly3r.c. A possible explfn- 
*tion is that in the early stages of nitric ing ooerrtion, 
the cntelyst reacts with the cissoclfted hydrogen, per- 
haps disturbing the eQuillbriuci point ^rn'' cr using further 
dissoci tion. The aeteri®! to be nitri<*ed Is subjected to 
a concentrated atmosphere of nascent nitrogen, rnd nitrid- 
Ing proceeds under optiaian conditions. The j-bsorptior. 
of hydrot'cn. decrcr'ses after soate tlse, rr, the crtplyst 
loses its strength, end the nitriding alnospherc ap- 
proaches a usurl eociposition, During the ejrly perio' , 
however, the meteri^l being nitrided has built up ® 
thin nitrogen-s«^tui*ated siju'fiice vhich resists the ab- 
sorption of the hydrogen, but permits nitrogen to enter 
as the erse deepens. The ecrly formation of the ideal 
surfece with the ssslstcnce of the catslyst ct uses 
conditions that fevor c-n improved case during the entire 
run. This is in accordance with the theory cdvf'nced for 
the herd, deep case obtained on the duplex rm, which 
suggests that the low teisperrture at the start of the run 
causes the selective absorption of nitrogen, foralng § 
tVxin hnrd cs-se, and this surface condition decrcf fcs 
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If. ter absorption of hybrogen, even tt thfi higher end nore 
favorable teapert- 1 uree • 
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V, R2:C0il!&IND/TI0NS - ACKKO- LKDGMKST. 

It is realised the results obtained in 

this investiijetion tre little jrjore thin r-n indici^tion, 
end that auch importcnt dctfc incoapletely deterrained 
or vraft entirely neglected. Lisitrtions of the- apriirrlus 
sre partially responsible, but Ine-xperieriCfe and in- 
sui'ficient tiiae ^erc Uie principr*! factors* 

Affiong the itesiS neglected, in this ^orh which 
should be Included in further investigation ere: (l) r 
more co:aplete analysis end control of dissociation 
conditions, (P) effect of varying duration of run, (S) 
effect of verying amount of catalyst, ( 4 ) further micro- 
analysis, ( 5 ) more practical tests of case cuality, (6) 
other catalysts. 

The investigation wr?s carried lut with the 
facilities and hearty cooperation of the Metallurgical 
Department, School of Mincrrl Industries. Mr. J, R. 

Long of tiiis dspertnent suggested the possibility of 
research in the field of catalysts in nitriding, assisted 
in the design tmd construction of the apparatus, and 
during the entire investigation* He is largely responsiblD 
for its success. 

Dr. H. B. Horthrup, Director of the Extension 
Dcprrtscent, School of Mineral Industries, assisted greatly 
during the investigation, end the preparation of this 
report. Professor J. 0* Keller, of the Extension De^^Ttsaent 



School of Engineering:, acde possible the use of the Herbert 
Pendulusi in the investigL tion, end assisted personally in 
its use* His treatise on the mschine (Reference 10) wr.s 
freely consulted during this phase of the work* 
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